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1.  Introduction
New radio (NR) sidelink (SL) communication is used to share information between device to device without or with only minimal involvement of the gNB. SL is evolved in NR Rel-15 and stabilized in Rel-17 for FR1 operation. But FR2 support for SL is limited. Rel-18 is planning to introduce FR2 enhancements/optimization mainly focusing on beam management aspects. In RAN#97, it is agreed to evaluate the enhancements for FR2 till RAN#98. The detailed objective of the study is as follows [1],
· Study and specify enhanced SL operation on FR2 licensed spectrum [RAN1, RAN2, RAN4] (Determine in RAN#98-e whether to continue the study or study + specification work for FR2 until the end of R18)
· Focus only on updating the evaluation methodology for commercial deployment scenario in 4Q 2022. [RAN1]
· Work is limited to the support of SL beam management (including initial beam-pairing, beam maintenance, and beam failure recovery, etc) by reusing existing SL-CSI framework and reusing Uu beam management concepts wherever possible.
· Beam management in FR2 licensed spectrum considers SL unicast communication only.
Based on this objectives, initial study has started in RAN 1#110bis-e. In the last meeting (RAN 1#113) following further agreements are drawn on SL beam management,

Agreement
In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment,
· In step 1, 
· the applicable reference signal is selected based on
· Alt 1-1: S-SSB or its modified format
· Alt 1-2: standalone SL CSI-RS or its modified format
· Alt 1-3: non-standalone SL CSI-RS
· Note: standalone SL CSI-RS transmission means at least no accompanying sidelink data (SL MAC SDU) transmissions in the same slot. FFS: accompanying SCI(s) or SL MAC CE transmissions or PSFCH.
· Alt 1-4: PSCCH/PSSCH DMRS
· the reference signals are sent
· Alt 2-0: aperiodically
· Alt 2-1: periodically
· Alt 2-2: semi-persistent with activation and deactivation
· FFS details of activation/deactivation
· FFS resources and resource allocation of reference signal
· FFS: if CSI-RS is used, whether UE1 transmits other information associated with the CSI-RS
· In step 2, 
· UE1’s transmit beam and UE2’s receive beam are determined by UE2 as the pair with the RSRP measurement satisfying certain condition(s)
· FFS details of condition(s)
· FFS explicit or implicit determination of UE1 transmit beam by UE2
· UE2’s transmit beam is at least determined as the one corresponding to determined UE2’s receive beam, at least if beam correspondence is assumed
· FFS other scheme
· In step 3, 
· UE2’s beam reporting is associated with determined UE1’s transmit beam.
· FFS details of association
· FFS details of beam reporting
· Note: this does not preclude beam reporting in the link establishment message.
· FFS: how UE1 determines its transmit beam if it receives different beam reporting from different UEs
· FFS: whether/how to avoid unnecessary beam measurement and reporting from multiple UEs; 

Agreement
In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment,
· In step 1, the candidate reference signal which is transmitted together with unicast link establishment message is selected based on one of the following alternatives
· Alt 1-1: SL CSI-RS
· Alt 1-2: PSCCH/PSSCH DMRS
· In step 2, UE2 determines UE1’s transmit beam(s) and UE2’s receive beam(s) as the pair with the RSRP measurement satisfying certain condition(s).
· UE2’s transmit beam is at least determined as the one corresponding to determined UE2’s receive beam, at least if beam correspondence is assumed
· FFS the format of UE1’s transmit beam determined by UE2, e.g. implicit or explicit
· FFS details of condition(s)
· In step 2, UE2 indicates UE1’s transmit beam(s).
· FFS details of beam indication, including contents (e.g., ACK/NACK, beam ID, RSRP measurement), container (e.g., PSCCH/PSSCH, PSFCH) and association (e.g. resources)
· In step 3, UE1 determines UE1’s transmit beam based on one or more of the following alternatives
· Alt 2-1: the latest beam indication
· Alt 2-2: beam indication contents (e.g., RSRP measurement)
· Alt 2-3: measurement/detection of beam indication signal 

Agreement
In the candidate procedure where initial beam pairing starts after sidelink unicast link establishment (if feasible), the initial beam pairing follows a similar procedure as beam maintenance.

Agreement
For beam maintenance, consider non-standalone sidelink CSI-RS transmissions. 
· FFS physical layer structure, including enhancements of existing non-standalone sidelink CSI-RS
· FFS signaling details
· FFS timing details
· FFS whether non-standalone sidelink CSI-RS transmissions use the same or different transmit beam as accompanying data
· FFS whether/how to support multiple transmit beams for non-standalone sidelink CSI-RS in the same slot

Agreement
For beam maintenance, consider standalone sidelink CSI-RS transmissions. 
· FFS physical layer structure
· FFS timing details
· FFS whether/how the same or different transmit beams are used in the same slot of standalone sidelink CSI-RS transmissions.
· FFS resources, resource allocation and resource indication 
· FFS signaling details  
· Note: standalone SL CSI-RS transmission means at least no accompanying sidelink data (SL MAC SDU) transmissions in the same slot. FFS: accompanying SCI(s) or SL MAC CE transmissions or PSFCH.

Agreement
For beam maintenance, consider design details for sidelink CSI-RS transmissions with or without repetition on transmit beams. 

Agreement
For beam reporting using PSFCH (if supported) in beam maintenance, study 
· Whether/how there is an association rule between PSFCH for beam reporting and sidelink CSI-RS (either standalone or non-standalone)
· FFS beam reporting content, 
· Whether/how PSFCH carries multiple beam reporting bits 
· Alt 1: New PSFCH format
· Alt 2: PSFCH format 0 by exploring the relationship with frequency and/or code domain resources
· Other alternatives are not precluded 
· FFS: PSFCH carries one beam reporting bit 
· FFS: whether beam reporting and sidelink HARQ ACK can be reported together, e.g., same or different PSFCH

Agreement
For beam reporting using sidelink MAC CE (if supported) in beam maintenance, study 
· beam reporting content
· timeline, e.g., 
· whether/how to reuse Rel-16 sidelink CSI reporting window as baseline for the association between sidelink beam reporting and sidelink CSI-RS resources. 
· Periodic, aperiodic and/or semi-persistent reporting timeline

Agreement
For beam indication in sidelink beam maintenance, study sidelink TCI state mechanism: 
· Details of sidelink TCI state at least including/indicating e.g. sidelink TCI state ID, sidelink CSI-RS resource and Tx/Rx spatial filter related information
· FFS: QCL types for sidelink 
· FFS: whether PSCCH and associated PSSCH always have the same TCI state 
· FFS: whether the beam indication is via sidelink CSI-RS resource 
· Study the following optional beam indication candidate container 
· SCI
· sidelink MAC CE
· PC5-RRC
· FFS: activation time of indicated beam
· FFS: whether to reuse the Rel-17 unified TCI framework
· Study whether/how beam indication is sent by transmitter UE or receiver UE.
· FFS study beam indication in mode 1 on Uu interface

Agreement
RAN1 can study the following two schemes to trigger sidelink beam failure instance (BFI) that PHY layer provides to MAC layer. 
· Scheme 1: Sidelink BFI is triggered based on PSFCH carrying sidelink HARQ feedback
· Note: this scheme follows the principle of sidelink RLF.
· FFS any other enhancements
· FFS whether/how to support candidate beam identification in case of BFD
· FFS criteria of triggering sidelink BFI
· FFS whether there is RAN1 impact 
· Scheme 2: Sidelink BFI is triggered based on the measurement of reference signal for BFD
· Note: this scheme follows the principle of Uu BFR.
·  FFS any other enhancements
· Consider the following reference signals for BFD 
· Periodic and/or semi-persistent sidelink CSI-RS
· S-SSB or its modified format
· FFS criteria of triggering of sidelink BFI 
· FFS whether/how to trigger the transmission of reference signal for BFD
· Other options are not precluded.

Agreement
At least for the scheme where sidelink BFI is triggered on measurement of BFD reference signal (if supported), for candidate beam determination (CBD)
· Consider the following reference signals for CBD
· Sidelink CSI-RS or its modified format
· FFS details (e.g., resources, periodicity, transmit beams, timing, etc)
· S-SSB or its modified format
· FFS criteria of determining candidate beam (e.g., largest RSRP measurement, RSRP measurement larger than a threshold, pre-determined during initial beam pairing, etc)
· FFS whether/how to trigger the transmission of reference signal for CBD

Agreement
At least for the scheme where sidelink BFI is triggered on measurement of BFD reference signal (if supported), for sidelink BFRQ, study
· Resources  
· Option 1: associated with CBD reference signal, i.e. identified candidate beam
· Option 2: within a responding window after CBD reference signal transmission
· Option 3: Resources determined based on sensing and resource allocated after identification of a new beam.
· Option 4: associated with BFD reference signal
· Other options are not precluded
· Container
· Option 1: PSFCH or modified PSFCH
· Option 2: SCI
· Option 3: sidelink MAC CE
· Option 4: new channel associated with beam reporting in initial beam pairing phase
· Other options are not precluded
· Transmit beam
· Option 1: widest attainable beam
· FFS up to UE implementation  
· Option 2: beam sweeping
· Option 3: corresponding to the receive beam of identified candidate beam
· Other options are not precluded 
· Content can be the BFD and/or new beam indication
· FFS: whether/how to support sidelink BFRQ in mode 1 including signaling to/from the network.

Agreement
At least for the scheme where sidelink BFI is triggered on measurement of BFD reference signal (if supported), for sidelink BFRR, study
· Container
· Option 1: SCI
· Option 2: sidelink MAC CE
· Option 3: PSFCH
· Option 4: PC5-RRC
· Other options are not precluded
· Transmit beam
· Option 1: widest attainable beam
· FFS up to UE implementation 
· Option 2: beam sweeping
· Option 3: corresponding to the candidate beam indicated by the received BFRQ
· Other options are not precluded 
· FFS: new beam indication (e.g., SL CRI, SL SSBRI)
· FFS: activation time of new beam 
· FFS: whether/how to support sidelink BFRR in mode 1 including signaling to/from the network

Agreement
In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, at least the following is considered for SL CSI-RS (or its modified format) (if feasible)
· Aperiodic, periodic and/or semi-persistent SL CSI-RS
· FFS: details
· In case of standalone SL CSI-RS (if supported), candidate resources for SL CSI-RS beam sweeping are (pre-)configured 
· FFS: whether/how to avoid resource collision of SL CSI-RS transmissions from different UEs
· FFS: Association between SL CSI-RS and beam reporting and/or initial link establishment
· FFS: details of association
· Identification and beam related information of SL CSI-RS for initial beam pairing 
· FFS: details


This contribution provides further discussion on beam management related aspects over sidelink over open issues.

1.  Sidelink Beam Management
3GPP NR standard has defined beam management procedures, including beam measurement, beam sweeping, beam reporting, and beam determination, for both Time Division Duplexing (TDD) and Frequency Division Duplexing (FDD) systems, in FR1 and FR2 bands. 3GPP NR has introduced Channel State Information Reference Signals (CSI-RSs) and Synchronization Signal Blocks (SS-blocks) for beam management in the Downlink (DL) and Sounding Reference Signals (SRSs) for beam management in the Uplink (UL). The illustration of a transmission of the beams between two UEs as follows in the Figure 1.
Till Rel. 17, sidelink is optimised for FR1 operation. But in 5G advance use cases more stringent requirements on data rate and reliability are expected from sidelink technology. Therefore, FR2 optimization is important aspect to realise such future use cases.  One of the important aspects to be optimised from FR 2 point of view is beam management capability over sidelink. We can expect more performance improvement with respect to throughput and reliability with the beam management in the sidelink communication system which needs to confirm under different beam management mechanisms in this study. Therefore, it is expected to explicitly study the beam management aspects of sidelink and determine the gaps in specification.
In sidelink beam management, the QCL framework can improve the UEs reception performance by indicating which set of transmit antennas ports will have similar properties such as Doppler spread and delay spread. If the two antenna ports are in QCL, then the receiver UE can use an antenna port for synchronization and measurements to receive a transmission that uses the antenna port. In sidelink communication, a quasi-co-location (QCL) framework will be less necessary if there is only port to port transmission (wider beam) between the UEs, for FR 2 deployments as, beam-based operation is being adopted, a QCL framework become critical. For the UE to perform synchronization toward the correct sidelink transmit signal prior to receiving any sidelink signals, such as a measurement reference signal, a control channel, and/or a data channel, the QCL framework may be required for the sidelink communication as well.

a) Beam Reporting
 In RAN1 #113, few agreements were made on initial beam pairing. For FFS in the agreement, we have the following proposals for the container for beam reporting and resources for beam reporting. 
 For example, the transmitting UE (UE1) will transmit beam reference signal (CSI-RS or PSSCH/PSCCH DMRS) as per the configured configurations and expect a feedback of beam indication parameters from the receiving UE (UE2) to select the best beam(s). The beam indication can be performed at least over a MAC-CE signalling, SCI and a feedback channel (PSFCH). It can also indicate on UCI for the in-coverage UEs (mode-1 configured UEs).

Proposal 1: In sidelink beam management UE1 and UE2, upon receiving RS from UE1, the UE2 reports the SL beam management report implicitly by transmitting a sequence as a function of a UE-ID over predefined RBs corresponding to a particular beam in a PSFCH for beam management.

Proposal 2: In sidelink beam management UE1 and UE2, upon receiving RS from UE1, the UE 2 reports the SL beam management report explicitly by transmitting the beam-id using MAC-CE.

Proposal 3: In sidelink beam management, to report the beam from UE2 at least the MAC-CE, SCI, and PSFCH can be used.

Proposal 4: In sidelink beam management for in-coverage UEs, the uplink control information (UCI) can be used to report the beam.


Resource allocated for the reporting the UE2 to UE1 can be based on the configuration. In mode-1 configured UEs, the resources can be allocated by gNB. In mode-2 configured UEs, the resources can be either reserved by UE1 or selected by UE2.

Proposal 5: The resource allocation for the SL beam management report derived as,
· UE2 will selects resources using mode-2 type of resource allocation.
· UE1 will reserve the reporting resources for UE2 using resource reserve mechanism of sidelink.
· gNB can allocate resources to UE2 in mode-1 type resource allocation.


In RAN1 #113, an agreement was made on beam reporting. For FFS in the agreement, we have the following proposals for the contents in beam reporting.

The beam indication should include at least one of the Beam-id, beam-strength, and beam-validity. Beam-id denotes the identity of the best beams determined by the receiving UE. This indicates one or more than one best beam based on pre-configured threshold. If multiple beams are to be reported, the length of the field will be N bits for N number of beams. The bit position in the field corresponding to the best beams will be set to 1. In another method, if the single beam is configured to be reported, then the bitmap equal to   bits and value indicated the best beam-id or index pointing to the best beam-id for UE-2. Beam-strength is the measured beam strength. Beam-validity field will indicate the time duration for which the beam will be valid. It can be reported using at least one of the ways as mentioned below, one way is to report its absolute value, which is measured as number of symbols, slots or m-sec or using probability over a time interval e.g., probability of beam validity for successive symbols, slots or  m-sec after a symbol, or slot in which beam measurements is reported. In case of absolute value, it can be quantized using max possible absolute value and pre-configured resolution as given below:

 is the maximum value of absolute time, and  is resolution to indicate validity, which will be pre-configured by the network. Resolution can be in terms of the number of symbols, slots or m-sec. In another way, UE-1 or network will fix a probability threshold and provided it to UE-2. UE-2 will report a time indication showing beam valid probability above configured threshold. The time indication can be a one-bit indicator for showing probability above or below the threshold or it can be a time window in terms of number of symbols or slots. If multiple beams are above threshold, then there will be multiple validities for multiple reported beams. This can be done by a bitmap for validity with each bit representing about probability value being above/below the probability threshold for a particular beam.


Proposal 6: In sidelink beam management, the beam indication should include at least the Beam-id, beam-strength and the beam-validity. 

Proposal 7: In sidelink beam management, the beam validity will indicate the time duration for which the beam will be valid.  



b) QCL framework in sidelink communication

In RAN1 #113, an agreement was made on study the TCI state mechanism for sidelink. For FFS in the agreement, we have the following proposals for the QCL types and configuring TCI states.

In the NR QCL framework, a QCL relation is established between a source antenna port (e.g., a CSI-RS) and a target antenna port (e.g., aPDCCH DM-RS), both of which are communicated in the DL. The available large-scale parameters are grouped into four QCL types:
· QCL Type A: {Doppler shift, Doppler spread, average delay, delay spread}
· QCL Type B: {Doppler shift, Doppler spread}
· QCL Type C: {Doppler shift, average delay}
· QCL Type D: {Spatial RX parameter}
We can reuse these existing QCL types for sidelink beam management also.

Proposal 8: For sidelink beam enhancement on FR2, the QCL types used for 5G NR can be used for sidelink communication as well.

In sidelink communication, before sidelink establishment, the UE1 transmits S-SSB signals on different beams. The UE2 receives the S-SSB and measure the RSRP of corresponding beams and then it reports the best beam to UE1. Based on the report, UE1 will use the best beam for further sidelink transmissions of different channels such as SL-CSI-RS, PSCCH, PSSCH etc., during the link establishment and after link establishment over sidelink. The decision of using the reported best beam or any other beam will be up to the UE1. For further transmissions of SL-CSI-RS, PSCCH, PSSCH, etc., it can have QCL relations with the S-SSB transmit beam to reduce the efforts to estimate the channel behaviour. For the transmission of PSCCH and PSSCH, it can have QCL relation with the SL-CSI-RS transmit beam.  For the possible QCL relations of different source and destination signals, we have the following proposals.

Proposal 9: In sidelink beam management, any one of the QCL types A, B, C, and D or multiple combinations can be configured between source RS and destination RS based on the applicability.

c) TCI States in sidelink communication
A list of transmission configuration indicator (TCI) states can be configured in sidelink communication to handle the various configurations of QCL relations between RSs. Each TCI state comprises a source RS that may be used to indicate a QCL relation to a target RS.

Proposal 10: In sidelink beam management, it can have different configuration mechanisms to associate a TCI state to a target RS as based on follows:
· RRC 
· MAC-CE 
· SCI 
· DCI in mode-1 type of resource configuration.

When PSCCH and/or PSSCH transmissions should be switched to a new beam, then it is necessary to indicate the UE2 that a new source periodic/SP SL-CSI-RS should be used for the QCL assumption while receiving PSCCH and/or PSSCH. It consequently informs the UE2 of a new TCI state for a new beam that will be used for PSCCH and PSSCH reception using the new beam. The indication to UE2 can be using either MAC-CE or SCI. The indication to UE2 can be using either MAC-CE or DCI over Uu link in mode-1 type of resource allocation.

Proposal 11: In sidelink beam management, the indication of the new TCI state to receiver UE 
· Option 1: Using MAC-CE and/or SCI for mode-2 configuration.
· Option 2: Using MAC-CE and/or DCI over Uu link in mode-1 configuration.

The TCI states can be configured by RRC for periodic SL-CSI-RS transmission. If additional flexibility in changing TCI states for SL-CSI-RS is desired, semi-persistent SL-CSI-RS, which is activated/deactivated by MAC CE, can be employed. Based on UE capability up to ‘M’ triggering states can be configured for aperiodic SL-CSI-RS, each with a separate RRC configured TCI state, if desired. Thus, the SCI that triggers an aperiodic SL-CSI-RS selects both a triggering state and a TCI state that is associated with it. Therefore, for aperiodic SL-CSI-RS, a considerable degree of flexibility can be provided in terms of selecting the TCI state dynamically for a given SL-CSI-RS resource by establishing the same SL-CSI-RS resource in many trigger states but with various TCI states.

Proposal 12:  In sidelink beam management, the TCI states can be configured for SL-CSI-RS using follows signalling:
· RRC for periodic SL-CSI-RS.
· MAC-CE for semi-persistent SL-CSI-RS.
· SCI for aperiodic.
· DCI for aperiodic in mode-1 configuration.

For PSSCH DM-RS the TCI state (beam) switching can be done from one scheduled PSSCH to another. This is obtained by configuring the presence of a m-bit or  bit TCI state indicator field in the scheduling SCI. Hence, for each scheduled PSSCH, a TCI state is indicated dynamically by SCI. However, no RRC configured state may be dynamically chosen by SCI since it would need an excessively large indication field in the SCI. Additionally, it would entail a significant increase in UE complexity since the UE would need to be ready to concurrently receive (i.e., synchronize with) all of these TCI states (source RSs). Instead, a subset of at most m TCI states from a potentially larger list of up to M TCI states is down selected and reconfigured using MAC CE. The SCI can then only choose dynamically when scheduling PSSCH from this subset of m states. Hence, dynamic switching between at most m beams and/or transmission points is supported (also known as dynamic point or dynamic beam selection) in sidelink. 

Proposal 13: In sidelink beam management, the TCI states can be configured for PSSCH-DMRS either using RRC signalling or using MAC-CE.

Proposal 14: In sidelink beam management, the TCI state can indicate either using SCI and/or using MAC-CE dynamically for PSSCH-DMRS.

If the UE receives a PSCCH, the PSCCH DM-RS is QCL with the source RS as indicated in the configured TCI state of the PSCCH. For a PSCCH, the TCI state that used can be configured based on the TCI state list. If the TCI state list has only 1 TCI state (length 1) then it can be configured by RRC otherwise it can be configured by RRC and MAC-CE. 

Proposal 15: In sidelink beam management, the TCI states can be configured for PSCCH-DMRS either using RRC signalling or using MAC-CE.

Proposal 16: In sidelink beam management, the TCI state can indicate using MAC-CE dynamically for PSCCH-DMRS.

d) QCL assumption during sidelink establishment
In sidelink communication before link establishment, the UE1 transmits the S-SSBs or SL-CSI-RSs to UE2. The UE2 measures the beam strengths on each S-SSB or SL-CSI-RS and report the best beam. During link establishment in a sidelink communication, the beam refinement will be performed based on RSRP measurements derived on S-SSBs or SL-CSI-RSs received before link establishment.
During link establishment, as there is no link exists between UE1 and UE2, the indication of the TCI state is difficult. In such a case, we can have the following procedures to indicate the TCI state in the sidelink. 
Before link establishment in sidelink communication, UE1 transmits the S-SSBs or SL-CSI-RS to UE2, the UE2 measure the beam strengths over S-SSBs or SL-CSI-RS and report the best S-SSB or SL-CSI-RS beam which has higher beam strength over a configured threshold to the UE1. Now, during link establishment, the UE1 transmits SL-CSI-RS, PSCCH-DMRS and PSSCH-DMRS to UE2. The UE2 will assume that the UE1’s transmit beam for SL-CSI-RS, PSCCH-DMRS, and PSSCH-DMRS during link establishment will be QCL with the reported best S-SSB or SL-CSI-RS beam.

Proposal 17: In sidelink communication, during link establishment, the receiver UE can assume that the transmit beams from the transmitter UE will be QCL’ed with the beam that transmitted before the link establishment.
Proposal 18: In sidelink communication, during the link establishment, the UE1 will indicate the TCI state in SCI over PSCCH. The TCI state includes QCL type and the transmitted S-SSB or SL-CSI-RS beam id (transmitted S-SSB or SL-CSI-RS beam before link establishment from UE1 to UE2).

e) Beam Failure Recovery
In RAN1 #113, an agreement was made on BFRQ. For FFS in the agreement, we have the following proposals.

In sidelink communication, when the receiving UE is suffering from the poor channel conditions or RSRP of the connected beam goes below a threshold limit, it will get it as beam failure indication. The reference signal for beam failure detection can be used either the SL-CSI-RS or the S-SSB of the TCI state. An alternate periodic CSI-RS can also be configured for this purpose. A BFR-specific sub-channels can be allocated by either a UE in mode-2 configuration or a base station in mode-1 configuration. A beam failure occurrence is counted if the RSRP of the configured RS over a serving beam which has similar QCL assumptions while transmitting PSCCH, goes below a threshold. The beam failure is reported if the number of such instances exceeds the configured maximum number of beam failure instances. The report can be indicating any one of the SCI, MAC-CE or PSFCH. When a beam fails, a UE starts measuring on the beam identification RSs to discover a new transmit candidate beam and an appropriate UE receives beam (a Tx-Rx beam pair). These RSs may be SSBs or configured periodic CSI-RS for beam management. The UE2 sends a beam failure recovery request (BFRQ) with the candidate beam to alert the UE1 that a new beam has been detected if the L1-RSRP of a new beam pair is over a threshold.

Alternatively, to continue the communication without any interruption with the beam failure we can have a beam switching mechanism based on the on-demand Reference signal from UE1 to UE2 unlike going for complete beam failure recovery as in case of Uu link. In This procedure, as UE2 receives RS from UE1 it measures the beam strength  of reference signal. If The strength  goes below a threshold value, then a beam failure instance is occurred. If the beam failure instance occurs, then the counter  increments. If the  reaches a configured threshold  number of beam failure instances, then UE1 triggers BFRQ to UE1. Before the  reaches to  number of beam failure instances, the UE2 can ask to UE1 for on-demand RS. UE1 send the on-demand RS to UE2, and UE2 measures the beam strengths and find a candidate beam which has higher strength at that time. The UE1 reports the candidate beam to the UE1 before the  reaches the  number of beam failure instances. Then, the UE1 transmission switches to the corresponding candidate beam before the interruption in communication.

Proposal 19: In sidelink communication, beam switching without BFRQ procedure can be adapted using on-demand reference signal from UE1 to UE2.


1. Conclusion:

The contribution draws the following observations and proposals,

Proposal 1: In sidelink beam management UE1 and UE2, upon receiving RS from UE1, the UE2 reports the SL beam management report implicitly by transmitting a sequence as a function of a UE-ID over predefined RBs corresponding to a particular beam in a PSFCH for beam management.

Proposal 2: In sidelink beam management UE1 and UE2, upon receiving RS from UE1, the UE 2 reports the SL beam management report explicitly by transmitting the beam-id using MAC-CE.

Proposal 3: In sidelink beam management, to report the beam from UE2 at least the MAC-CE, SCI, and PSFCH can be used.

Proposal 4: In sidelink beam management for in-coverage UEs, the uplink control information (UCI) can be used to report the beam.

Proposal 5: The resource allocation for the SL beam management report derived as
· UE2 will selects resources using mode-2 type of resource allocation.
· UE1 will reserve the reporting resources for UE2 using resource reserve mechanism of sidelink.
· gNB can allocate resources to UE2 in mode-1 type resource allocation.
Proposal 6: In sidelink beam management, the beam indication should include atleast the Beam-id, beam-strength and the beam-validity. 

Proposal 7: In sidelink beam management, the beam validity will indicate the time duration for which the beam will be valid. 

Proposal 8: For sidelink beam enhancement on FR2, the QCL types used for 5G NR can be used for sidelink communication as well.

Proposal 9: In sidelink beam management, any one of the QCL types A, B, C, and D or multiple combinations can be configured between source RS and destination RS based on the applicability.

Proposal 10: In sidelink beam management, it can have different configuration mechanisms to associate a TCI state to a target RS as based on follows:
· RRC 
· MAC-CE 
· SCI 
· DCI in mode-1 type of resource configuration.
· 
Proposal 11: In sidelink beam management, the indication of the new TCI state to receiver UE 
· Option 1: Using MAC-CE and/or SCI for mode-2 configuration.
· Option 2: Using MAC-CE and/or DCI over Uu link in mode-1 configuration.

Proposal 12: 
In sidelink beam management, the TCI states can be configured for SL-CSI-RS using follows signalling:

· RRC for periodic SL-CSI-RS.
· MAC-CE for semi-persistent SL-CSI-RS.
· SCI for aperiodic.
· DCI for aperiodic in mode-1 configuration.
· 
Proposal 13: In sidelink beam management, the TCI states can be configured for PSSCH-DMRS either using RRC signalling or using MAC-CE.

Proposal 14: In sidelink beam management, the TCI state can indicate either using SCI and/or using MAC-CE dynamically for PSSCH-DMRS.

Proposal 15: In sidelink beam management, the TCI states can be configured for PSCCH-DMRS either using RRC signalling or using MAC-CE.

Proposal 16: In sidelink beam management, the TCI state can indicate using MAC-CE dynamically for PSCCH-DMRS.

Proposal 17: In sidelink communication, during link establishment, the receiver UE can assume that the transmit beams from the transmitter UE will be QCL’ed with the beam that transmitted before the link establishment.

Proposal 18: In sidelink communication, during the link establishment, the UE1 will indicate the TCI state in SCI over PSCCH. The TCI state includes QCL type and the transmitted S-SSB or SL-CSI-RS beam id (transmitted S-SSB or SL-CSI-RS beam before link establishment from UE1 to UE2).

Proposal 19: In sidelink communication, beam switching without BFRQ procedure can be adapted using on-demand reference signal from UE1 to UE2.
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